Abstract. We investigate mechanisms that lead to asymmetry in the response of a stratified coastal embayment following the onset of a uniform, steady wind that is blowing both along the axis and out of the bay. We focus on bays on the east coast of Newfoundland where the typical duration of wind events is 5 days and stratification representative of June conditions yields a first baroclinic mode wave speed of 0.51 m s -1. We use several numerical models ranging from a linear, reduced gravity model with a single baroclinic mode, to a nonlinear, prognostic, primitive equation model (CANDIE). We investigate the effect of factors such as continuous stratification, vertical mixing, nonlinearity, and realistic bottom topography. If the linear dynamics of only the first baroclinic mode is considered, the response of the idealized bay to 5 days of steady wind forcing is symmetric about the axis of the bay. Continuous stratification allows for higher-order vertical modes. These slower modes increase the response time of the bay, yielding asymmetry in the circulation pattern after 5 days of constant wind forcing. Model results using realistic geometry demonstrate that realistic bottom topography has little effect on near-surface circulation on the 5 day timescale. Adding nonlinearity allows a significant cross-bay transport of upwelled water and leads to the characteristic along-bay pattern of the surface isotherms evident in observations and can also lead to the separation of the coastal jet from the upwelling favorable shore.
When continuous stratification is taken into account, the adjustment no longer involves just a single baroclinic mode but also higher modes with more complex vertical structure and slower propagation speeds. The adjustment time for these higher modes may be longer than the typical duration of wind events (5 days for Conception Bay), leading to an asymmetry in the response of the bay to wind events. In addition waves may also be dissipated by mixing before leaving the bay, and variable bottom topography can lead to wave scattering [Killworth, 1977; Wilkin and Chapman, 1990 the Prandtl Number (Pt) changes the spatial scale of the response and the velocity amplitude [Yamagata and Philander, 1985] .
This paper models the baroclinic response of an idealized coastal embayment to the onset of a steady uniform wind blowing out of the bay. We investigate the factors that affect the response of the bay and provide a cross-bay asymmetry after a 5 day period. These factors include continuous stratification, damping of waves through mixing of momentum and density, the effects of changing the Prandtl Number (Pt), the effects of variable bottom topography and variable coastline shape, and finally the effect of nonlinearity. We make use of numerical models of increasing complexity, from a linear, single-layer, reduced gravity model to a full threedimensional (3-D) numerical model that includes all the nonlinear terms and realistic bottom topography. This paper is presented as follows. In section 2, we describe the model setup. In section 3, we discuss the wind-forced response of shallow water models ranging 8O from a single-layer, baroclinic model to a continuously stratified, flat-bottomed ocean model solved using the vertical normal modes approach of McCreary [1981] . In section 4, we apply the 3-D model known as CANDIE [Sheng et al., 1998 ] and explore the effect of nonlinearity. In section 5, we use CANDIE to include the realistic coastline and bottom topography of Trinity and Conception Bays. In section 6, we present our discussion and conclusions. An appendix is included to summarize the numerical circulation models employed as well as the formulation of our open boundary conditions. 
Model Setup

Model Initialization
Our primary objective is to investigate the response of a bay to a wind blowing steadily along the axis of the bay toward the mouth over a 5 day period. Models are initialized at rest with horizontally uniform stratification. In the reduced gravity model the initial upper layer depth is uniform at 40 m. For the normal mode model, the pressure anomaly for each mode is initially zero. In the 3-D model, the initial density stratification is specified using the averaged June profile. A wind stress of 0.05 Pa directed out of the bay is introduced over 2 days using a hyperbolic tangent ramping function. This smoothed application of wind stress avoids exciting near-inertial oscillations [Pollard and Millard, 1970] . We start measuring time when wind reaches 50% strength (i.e., after I day). We consider the two following methods of applying the wind stress to the water column: (1) as a surface boundary condition or (2) as a body force acting over a layer of depth HM. In this section we study the response of a fiat-bottomec idealized bay to wind forcing using the CANDIE model [Sheng et al., 1998 ]. We use the idealized model geom- 
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